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Summary: This asticke provides an overview of hypothalamic and piteitan’py g ! Spmcial
alterations in brnin including the incidence of hypothalamic-priuitary,

and major hypothabimic—pituitary disturbances in brain trsums. While hypo-
lh:damxo—puunar) Jkesions have been commonly deseribed at poslmoﬂcm cv-
amination. only = limited number of clinica) caces of hyy .
pituitary d)*sl'uncnon have been rtpoﬂed prohabl\ because head injury ol'
suflicient severily to catse hypoth and p v damage Ily leads to
carly death. With the improvement in rescue measures. an mcrcasm-' number
of macl\ head-injured patients with hypothalamic-pituitary d\sfunalon will
sunitve to be seen by clinicians. Patterns of endocrine ubnormalitics following
brain trauma vary depending on whether the injury site is in the hy pothalamus,
the anterior or posterior pituitary. or the upper or lower portion of the pituitary
stalh. Injury predominanily to the hypothalamus can produce dissociated
ACTH-cortisol Iev els with no response to insulin-induced hypoglycemia and a
limited or failed metopirone test. hypothyroxinemia with a presensed thyroid-
stimulating hormone response to thyrotropin-releasing hormonce. low gonado-
tropin levels with a normal response to gonadotropin-releasing hormone. a
ar .nlc gmmh hormone (GH) level with a paradovical risc in ‘GH after glu-
cosc loading. hy perprolac ia. the synd of inappropnate ADH secre-
tion (Sl:\DH) poTary or per fiabetes insipidus (DI, disturbed glu-
cosc metabolism, and loss of body temperature control. Severe damage to the
lower pituitary stalk or anterior lobe can cause low basal levels of all antenor
pituitary hormones and climinate responses to their releasing factors. Only a
few cases showed typical fi s of hypothalamic or pituitary dysfunction
Most severe njuries arc sufficient to damage both structures and produce a
mixed cndocrine picture. Increased intracranial pressure. which relcases va-
sopressin by altering normal hypothalamic anatomy. may rcpresent a unique
type of stress to neurocndocrine systems and may contribute to adrenal secre-
tion by a mechanism that requires intact brainstem function Endocnine func-
tion should be monitored 1n bram-injured patients with basilar shull fractures

dzmage. injry mechanisan. fealures of the hypothalsmic-pituitany Mccls.i '\ '&D '
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Major trauma provokes a ncuroendocrine response characterized by stimula-
tion of the hypothalamus and results in altered seeretion of pituitars hormones
and activation of the sympathoxdrenal system, with changes in the sceretion of
adrenal. pancreatic. and thyroid hormones (52.63.75). Thesc reactions are con-
sidered nonspecific. or independent of the site of injury (117). However. head
frauma patients may present different pat'ems of hormonal response fo trauma
when compared to other trauma patients. The development of a full hormonal
response 1o trauma involves numerous pathways and centess. includinz afferent
neural pathways. the brainstem. the cortex. corticohypothalumic pathways. hy-
{ pothalamic infegrative centers. the pituitary gland. and efferent autonomic path- 4
ways (169). Head injuries may disturb any part of this complex response. depend-
ing on the severily and the location of primary and sccondary injurics. It is
important to recognize these unique endocrine disturbances in head trauma pa-
tients because such hormonal changes may induce metabolic aberrations that
have considerable diagnostic and therapeutic implications as well as great impact
on the eventual outcome (85).

Despite the clinical observation of an altered endocrine profile in head trauma
paticnts and frequent recognition of pituitary and hypothalamic damage in post-
mortem studics following head injury (25.34.38.39.97). the patterns of changes in
hypothalamic and pituitary hormones are not fully understood. nor is the influ-
ence of such changes on peripheral endocrine gland functions. This article pro-
vides an overview of the hypothalamic-pituitary axis alicrations in traumatic
brain injury. Sincc most previous studics have been clinical and many of them are
concerned with changes in the pituitary gland in long-term survivors of head
injury. very few descriptions of hy pothalamic-pituitary changes in the carly post-
traumatic period arc availablc.

Hypothalamic disorders can also affect many functions not mediated by the
pituitary. including a large number of autonomic nervous system functions that
are involved in acute and chronic neurometabolic control and regulation of the
cardiovascufar. pulmonary. renal. and gastrointestinal systems. These nonpitu-
itary functions may interact with the hypothalamic-pituitary—target organ axcs at
various levels (126). However. the main focus of this review is the hypothalamic
responses to head trauma involving the pituitary gland.

INCIDENCE
Camage to the pituitary and hypothalamus 1s common 1n paticnts dyag of head

mnjury (25.34.38.39.97). Danicl and Treip (39) found that of 152 paucents who dicd
from head injury. 56 (37%) exhibited lesions in the pitwitary  Ceballos (25) exam-
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ined pituitary glands of 102 head trauma patients from 2,300 consecutive austop-
sies: damase in the pituitary. mainly hemorthage and necrosis. was found in $8
(86.3%) cases. Komblum and Fischer (97) examined the brains of 100 patients
with fatal head injury: 62 showed onc or more lesions in the pituitary gland. 42
showed hemorrhages in the posterior lobe. and 22 showed ischemic necrosis of
the anterior lobe. Trauma to the hypothalamus frequently occurs in serious head
injuries. In Crompton’s study of 106 autopsy cases with fatal head injury. hypo-
thalamic lesions were found in 35 ($2%) cases (39). It is apparent. therefore. that
hypothalamic-pituitary injury is common in head trauma.

INJURY MECHANISMS
Hypothalamic Injury

The supraoptic nucleus (SON) is the most vulnerable arca of the hypothalamus
because of its location in relation to the optic nerve (48.95) (Fig. 1). The optic
nerve is tethered rostrally at the optic foramen by the dural sheath. Caudaliy. it
forms an angle with the famina terminalis close to the SON. As one side of the
angle is fixed. sudden movements of the brain can readily result in tearing or
compression of the SON. The adjacent blood vessels may aiso be damaged.
causing hemorrhage. Smaller Iesions have been found in the paraventricular nu-
cleus (PVN). but direct tears have not been seen. probably because it is farther
away from the optic foramen (153). Subependymal hemorrhages around the third
ventricle are common. and may impinge upon the PVN.

Pituitary Injury

Infasction is the major Iesion in the anterior lobe of the pituitary after brain
trauma. The blood supply of the anterior pituitary lobe 1s obtained almost exclu-
sively from the hypophyscal portal vein system. which has both long and short
portal veins (36 (Fig. 1). The long portal veins are derived from the two superior
hypophyscal arterics through the plexus in the median basal eminence and the
upper stalk and supply 9% of the anterior lobe of the pituitary. The short portal
veins originate from the two inferior hypophyscal arieries via a capillary plexus in
the lower stalk below the diaphragma sellac and only supply a few adenohypoph-
yscal cells adjacent to the posterior pituitary. Additionally. there 1s a thin fayer of
cells under the capsule, which is supplicd by the capsular arteries. The posterior
pituitary's entirc blood supply comes from the inferior hypophyseal arteries.
When the pituitary stalk is rupturcd below the ongin of the long portal veins as a
result of head trauma, about 90% of the anterior lobe 1s infarcted. with only a few
cells adjacent to the posterior lobe or the capsule of the gland surviving However,
the blood supply to the postenior lobe ts not affected by staik injury and the lobe
docs not become infarcted: rather, 1t 1s denervated (37).

In certain circumstances, rupture of the stalk may not necessanly be associated
with infarction of the anterior piturtary. If the transection of the stalk passes above
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FIG. 1. Schematic presentation of anatomy and possible arcas of damage to the hypothal: —
pituitary regron. (A) The SON could be tom off or compressed when the brain mahes a sudden
movement because the dura tethers the optic nenve at the oplic foramen. The PVN 1s less likely to be
damaged. probably because it 1s fasther away from the optic forsmen (B) High transection of the
pituitary stalk may result 1n a rupture of the vessels to the hy pothalamus. but portal vessels to the
antenor pitvitary may escape njury. (C) Low stalk transection may cause 4 rupture of the . ¢ portal
vessels with a resultant massive infarction of the antenor pituitary  Lesions in the piwtary sialk will
also interrupt the nenve fibers from the SON and PVN to the postenor pituitary

the point of entry of the superior hypophyscal artery and the portal vessels are
spared. then the anterior pituitary may not become infarcted (48). On the other
hand. some studics show anterior pituitary infarctions with an intact stalk. These
may result from shoch or anoxemia following trauma, a state similar to Sheehan’s
postpartum infarction (97). Because the portal circufation 1s a low pressure end
circulation, it 1s relatively vulnerable to shoch. Furthermore. the pituitary gland is
vulncrable to swelling, because the gland is confined within the sclla turcica by the
diaphragma sella with a very small opeming for passage of the pituitary stalk.
When the gland swells as a result of cercbral edema, the fragile long hypophyscal
vessels are usually compressed between the stalk and the free edge of the dia-
phragma sella, resulting in anterior pitustary infarction (36.95.97).

The most common leston in the posterior pituttary 1s acute hemorrhage. This 1s
often petechial. but sometimes large enough to cause appreciable damage to the
gland Necrosss within the posterior pituitary itself 1s very rare (15).
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FEATURES OF HYPOTHALAMIC-PITUITARY DEFECTS IN
BRAIN TRAUMA

Hypothalamic Origin

Hypopituitarism may be caused by primary damage in the pituitary gland or it
may be sccondary 1o disorders in the hypothalamus. In many cascs, clinical
hypopituitarism and resultant hypothyroidism following head injury actually orig-
inated in the hypothalamus rather than the pitvitary (29.31.60.86.122,154). In
some cases, certain pituitary hormones [e.g.. luteinizing hormone (LH) and fol-
licle-stimulating hormone (FSH)) and target gland hormones (c.g.. testosterone
and cstradiol) were low, but other hormones [c.g.. thyroid-stimulating hormone
(TSH) and prolactin (PRL)] were normal or cven clevated (31.60.86.130,154).
Responses of the pituitary hormones to exogenous thyrotropin-relcasing hormone
(TRH). gonadotropin-releasing hormone (GnRH). and lysine vasopressin (LVP)
were preserved even during dexamcthasone therapy. but they were delayed or

blunted. indicating a hypothalamic defect and an inadequate pituitary **priming™
1 (17.29.31.59.60.86.122.130.132.154.173). Since an intact hypothalamus is neces-
sary for hypoglycemia to stimulate the anterior pituitary to secrete. no responsc
to insulin-induced hypoglycemia was observed (7.86.105.132.151.154.167).

Less Frequent Anterior Pituitary Dysfunction

Anterior pituitary dysfunction following a traumatic brain injury has been re-
ported infrequently despite a 22—15% prevalence of ischemic necrosis or hemor-
rhagic infarcts in the hypothalamic-pituitary region at autopsy (34.97). This dis-
crepancy is due to several factors: (a) In terms of functional disruption, the an-
terior pituitary is less likely to be involved in cerebral injury than the posterior
pituitary (86.153): (b) paticnts with severe anterior pituitary infarction may also
. have very scvere brain injury and. therefore. they do not survive for the clinical
appearance of anterior pituitary dysfunction (48.95): and (c) the pituntary gland
has a very large reserve capacity. Two-thirds of the anterior pituitary must be
destroyed before clinical signs of hypopituitarism develop and more than 90%
must be destroyed before pituitary secretion totally ccases (95).

—————— - —

Less Frequent Involvement of ACTH

Antcrior pituntary defects caused by ijury may ivolve only one. several, or all
of the tropic hormones. However, dimimshed adrenocorticotropic hormone
(ACTH) scceretion 1s less common than that of the other prtuitary hormones. The
PVN, which contains the majorny of corticotropin-relcasing hormone (CRH)-
containing neurons (68.83,146), is less commonly or less scverely involved i the
injury. Unlike the SON, direct tears in the PVN have not been observed (153). In
addition, a sccondary defect in ACTH secretion may not be present even if there
1s damage n the hypothalamus because the CRH-containg cells are present not
only 1n the hypothalamus but also in many other locations These include the basal
telencephalon, bramstem, and much of the cerebral cortex (6.18,65.69,70), as well
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as cxtrancural tissues (70). CRH cells have been found in the placenta (138).
cndocrine pancreas (120). and gastrointestinal tract (98). Though no conclusion as
to the role of cxtrahypothalamic CRH in the regulation of ACTH has been
reached. cxtrahypothalamic CRH may be released to stimulate the pituitary-
adrenal axis (18). Finally, even if there is reduced ACTH sccretion. there may not
be an accompanying hypocorticalism, because many extrapituitary factors can
stimulate the sccretion of the adrenal cortex (127).

Early Recognition of Posterior Pituitary Dysfunction

Posterior pituitary dysfunction after head trauma is usually recognized during
the carly posttraumatic period cither as frank diabetes insipidus (DI) or as a
decreascd ability to excrete free water (61). This is in contrast to traumatic ante-
rior hypopituitarism. which is usually diagnosed long after the injury when clinical
evidence of sccondary cnd-organ failure has become cvident (14.86.154).

MAJOR ENDOCRINE DISTURBANCES OCCURRING IN BRAIN TRAUMA
Hypothalamic-Pituitary-Adrenal Cortical (HPA) Axis

The HPA axis is a very important endocrine system because a sufficient circu-
lating glucocorticoid level is necessary to maintain the sensitivity of vascular
smooth muscle as well as the baroreceptor response to vasoactive agents (40).
Recent studics suggest that brain receptors for mineralo- and glucocorticoids are
involved in the central regulation of arterial blood pressure (156). Pathways me-
diating the ACTH response to gencral trauma have been well defined
(16.76.94.95.125.170). Impulses initiated 1n the injurcd arca traverse the peripheral
nerves, and ascend through the spinal cord and brainstem to integrating centers in
the reticular formation and hmbic arcas. where these impulses may or may not be
modificd by stimuh descending from the cercbral cortex. Impulses are then trans-
mitted to the median eminence. where CRH is liberated. CRH enters the hy-
pophyscal portal blood system, descends to the anterior pituitary cclls, and in-
teracts with highly specific receptors on the anterior pituitary cells to relcase
ACTH. The ACTH s then transported via the systemic circulation to the adrenal
gland, where 1t stimulates secretion of cortisol and aldosterone. Thus, when the
brain 1s traumatized, ACTH sccretion may be affected by exciting or inlibiting
influences on the hypothalamus from stimulated cortical or subcortical arcas;
severed communications between the hypothalamus and other arcas, or direct
stimulation, inhibition, or destruction of hypothalamic or pituitary centers (42,94).
These aberrations may be exhbited clinically in three ways: altered plasma hor-
mone levels: changes n the relattonship among the hormones dernived from hy-
pothalamus, pituitary, and adrenal glands, or a disturbed circadian rhythm (85)

Altered Plasma Hormone Levels

Chnical data show that brain trauma does not cause a high plasma ACTH level,
or at least 1t does not increase the ACTH level as much as general trauma with a
similar severity. In one study of 14 braim-injured comatose patients, the plasma
ACTH level (45.6 = 12.5 pg/ml) within 12-24 h of hospitalization was not sigmif-
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icantly different from that obtained between 0900 and 1000 h in normal subjects
(51.6 = 3.8 pg/ml) (56). In another study. plasma ACTH levels within 2 h of injury
were increased compared to normal controls. but were lower than those of trauma
paticnts without major head injurics (median valucs of 96.8 vs. 201.6 pgml) (10).
It has been reported that certain paticnts with pituitary stalk transection failed to
respond to the metopirone test (103.128). This test examines pituitary corticotro-
phin reserve by producing inhibition of cortisol biosynthesis and thus stimulating
ACTH sccretion (152). The brain-injured paticnts with a limited responsce to me-
topirone had significantly longer comatose periods than those with normal me-
topirone test results (103.128).

An experimental study showed that the activation of neurons in the PVN by
microinjection of L-glutamate. which is r. leased in brain injury. clevated plasma
levels of ACTH. arginine vasop: _.sin (A'VP). and oxytocin (41). However. global
brain damage may not substantially increase ACTH sceretion. Qur study in rats
showed that fluid percussion brain injury increased plasma levels in ACTH. cor-
ticosterone. and aldosterone [ h after the injury. but the elevations in ACTH and
corticostcrone werc not significant: only the aldosterone level exhibited a signif-
icant increcase (179). Thus, brain trauma, like other types of trauma. usually stim-
ulates the HPA axis. but if the hypophyseal portal veins are ruptured or the net
neural influence on the hypothalamus is inhibitory. the response is reduced or
absent and hypopituitarism may occur.

Plasma cortisol levels 1n brain trauma were found to be similar to those n
general trauma (10,52.55.75.94.96.144). It appcars that the more scvere the brain
trauma, the ligher the plasma cortisol level (94). In critically 11l patients, there 1s
a shift in the steroidogenic pathways in favor of the production of cortisol (166)
and this may also occur 1n brain trauma victims.

Changes in Relationship Among Hormones

Normally. adrenocortical sccrction 1s controlled by ACTH, which 1s mainly
governed by CRH. Elevated endogenous or exogenous glucocorticord levels in-
hibit CRH and ACTH, and hence cortisol secretion (65.107.176). Current ¢vi-
dence suggests that cortisol may have no inhibitory effects at the pituitary level in
vivo (54) However, these interactions can be modified under certain conditions
(65.127). With moderate genceral trauma, both ptasma ACTH and cortisol levels
mcreased in proportion to the seventy of the iyury. However, at huigh seventy
scores, ACTH platcaued while cortisol decreased, sndicating a poor response of
the adrenal cortex to ACTH n severe trauma (10.145), In head trauma patients,
the dissociatton of ACTH and cortisol changes 15 in the opposite direction. Feibel
ct al. (56) showed that in head-mjured patients the increased cortisol level was not
accompanicd by a correspondingly elevated ACTH level. Several possibilitics
may account for this discrepancy. the adrenal sensiivity to ACTH may be en-
hanced, peripheral metabolism of cortisol may be altered, extrapituitary sources
of ACTH, mcluding leuhocytes, may modulate cortisol seciction during stress, or
adrenocortical activation may be non-CRH or non-ACTH mediated (16,71,85).

I rontiers in Newrocndocnnology Vol 12 No 21991




216 X-Q. YUAN AND C. E. WADE

Similar mechanisms may operate in other clinical settings. Vaughan ct al. (157),
studying 36 paticnts with scvere bumns, found very high cortisol levels but gen-
crally normal ACTH concentrations, with no correlation between the two. Other
workers investigating acute hemorrhage also reported poor concordance between
ACTH and corticosteroid Ievels (46,53.66.171,172).

in brain trauma paticnts, unusual factors may exist to strongly stimulate the
HPA axis. It has been found that clevated intracranial pressure (ICP) is a potent
stimulus for adrenocortical activation in the presence of normal brainstem func-
tion (56). Paticnts without intracranial hypertension had decreased plasma cortisol
levels (2.4 = 0.3 pg/dl) within 36 h following head injuries. In contrast. those with
intracranial hypertension had persistently elevated cortisol concentrations (15.4 =
2.6 pg/dl: p < 0.001), cven though dexamethasone was given and the ACTH level
was fow (22.4 = 10.1 pg/ml). When brainstem dysfunction was superimposed on
the sitvation, the hypercorticalism disappeared and low cortisol levels occurred
(56). It appears that normal brainstem function is necessary for adrenocortical
activation in response to clevated ICP. At the present time, no specific locations
within the brainstem can be precisely described as critical pathways for this
ceffect.

1t has been postulated that intracranial hypertension may alter the physiology of
ncurocndocrine systems by distorting the normal architecture of the hypothala-
mus or by producing ischemia in critical arcas (34). Furthermore, an elevated ICP
may remove normal hypothalamic or suprahypothalamic constraints on ACTH
secretion. because there is evidence that the brain inhibits resting ACTH secre-
tion (49.50).

Studics indicate that AVP plays an important role m mediating the intracranial
hypertension-induced HPA respense. CRH and AVP have been found 1n the PVN
around the third ventricle (83), which s distorted when ICP 1s acutely clevated
There is a masstve release of AVP in experimental intracranial hypertension. This
cnhanced release is not suppressed by hypotonic infusions (72). AVP has been
shown both m vivo and 1n vitro to stimulate ACTH release directly from the
anterior pitutary, and/or by way of CRH (19,20.67.73). It has also been claimed
that AVP s the mayor dynamic mediator of ACTH secretion stimulated by
a-adrenergic effects of catecholamines (3) Another study suggests that AVP may
decrease ACTH production, but directly mcrease adrenal glucocorticord produc-
tion by activating baroreceptor reflexes (20) Regardless of the mechanism, AVP
scems to be the most potent stimulus for overniding the normal suppression of
cortisol secrction (20.142). Increased ICP, causing local disruption of normal
hypothalamic anatomy to release AVP, may represent a unique type of stress to
necuroendocrine systems, and thereby contribute to adrenal secretion by nonclas-
sical pathways.

To our knowledge, no data are currently avatlable to demonstrate changes in
the relationships between CRH and subordinate hormones mn head trauma

Disturbed Circadian Rhythin

Loss of the diurnal rhythm of plasma ACTH and adrenocortical hormones has
been observed after head inyury (94). It has been reported that circadian rhythm
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is preserved in patients undergoing laparotomy (104), but lost in about onc-half of
the head trauma paticnts (144). Disturbances in the circadian rhythm of ACTH
and adrenocortical hormone secretions are thought to reflect carly deficiencies in
neuroendocrine control mechanisms (65).

Agrimonti ct al. (2) examined the circadian profile of plasma cortisol and aldo-
sterone in six patients who were comatose following trauma. Plasma cortisol and
aldosterone Ievels were measured at 4-h intervals throughout three consecutive
24-h cycles in the first few days after trauma. A normally synchronized circadian
pattern of plasma cortisol was recognizable in all cases. In contrast, no significant
rhythm of plasma aldostcrone was detected by cosinor analysis, and irregular
fluctuations of this corticosteroid were recorded through the cntire day. These
data demonstrate that in the carly posttraumatic period, comatose patients main-
tain a normal circadian rhythm of plasma cortisol and lose the rhythm of plasma
aldosterone.

The pulsatile release of ACTH and cortisol may be in part the consequence of
intrinsic rhythmic organization of the adenohypophyseal and adrenocortical cells
(4,22). The isolated hamster adrenal gland in organ culture has shown rhythmic
secretion of corticosterone for as long as 5 days in an cnvironment devoid of
ACTH (4). However, aldosterone sccretion from the adrenal glomerular cells is
affected by numerous stimulatory and mhibitory factors: plasma volume, plasma
potassium, nutritional status, fluid infusion, administration of drugs, and so on
(32). In addition, the aldosterone rhythm m normal individuals is markedly af-
fected by the fact that they are in the upright positton much of the day. The loss
of normal mincralocorticoid rhythm following severe brain injury may reflect an
alteration n these factors.

Pituitary-Thyroid Axis

General trauma frequently leads to low circulating tritodothyronine (T3) and
high reverse T; (rT5) levels with TSH levels that are within the normal range or
elevated (27,29,181). A recent study showed surgical ttauma lowered the serum
TSH level. This suppression lasted for only 1 day for the TSH morning value, but
for 5 days for the TSH nocturnal surge (9). It has been demonstrated that 1T,
adversely affects while T; or TSH improves outcome after hemorrhage (139,178).
In head-injured patients, the low T; and reciprocally hugh rT; seem to be similar
to gencral trauma paticnts, but head trauma patients have significantly lower TSH
plasma levels than patients with noncranial injurics Furthermore, the more se-
vere the brain injurics are, the lower the TSH and T levels (28,29,60,122,130,
175). Consistent with these clinical reports are animal studics, which showed that
hypothalamic damage brought on deranged TSH regulation and thyroid dysfunc-
tion (30,148). In rats, damage to the PVN blunted the mcrease in plasma TSH in
response to hypothyroidism (148). In dog and rabbit, hypothalamic compressive
lesion led to a hypothyroidisr. within 4 weeks (30).

The relationship between responses to head trauma of thyroid and other ncu-
roendocrine systems has been studied. Ziegler et al, (181) observed that severely
injured (burned) paticnts had a strong ncgative correlation between norepmeph-
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rinc and T;. This relationship became less remarkable in patieats with injury to
both brain and the other parts of the body, and completely lost in paticnts with
severe head injury alone. This indicates that the inverse relationship between
clevated norepinephrine and depressed T, levels in trauma patients is dependent
upon an intact brain. Furthermore, Woolf et al. (175) found no correlation be-
,‘ tween thyroid hormone levels and the degree of adrenocortical secretion, imply-

ing that the thyroid hormone dysfunction in head trauma patients may be inde-
pendent of a generalized stress response.

T; and thyroxine (T;) have been reported to be within normal limits during the
first 3 weeks following a severc traumatic brain injury (79). Plasma TSH and its
response to TRH were also reported within the normal range when head trauma
paticnts were admitted to the hospital (102,180). Thus, it seems that when the
hypothalamus is injured, pituitary-thyroid function may be maintained for a rel-
atively long period of time before a dechine is apparent (102). !

Pituitary-Gonadal Axis

Plasma LH levels in gencral surgical conditions may be clevated, but the timing
of the responsc is vanable. Aono et al. (5) observed a rise in LH during surgical
procedures followed by a postoperative decline, whereas Charters ¢t al. (27)
reported no change during surgery and a decline postoperatively. Carstensen et al.
(24) noted a postoperative clevation of LH that lasted for 1 week. FSH, in contrast
to LH, is unhkely to increase during and after the surgery (5.27). However, the
cffects of GaRH on the secretion of FSH and LH may not be paraliel, and FSH
may have a GnRH-independent component to its secrction (80,133). Other studies
of human gonadal hormone responses at the time of head njury show reductions
mstead of increases mn blood levels. Rudman et al. (130) reported persistently
decreased serum levels of FSH and LH in the early posttraumatic pertod in seven
head-injured men. The decreases in both hormone levels corresponded to the
degree and duration of coma. Woolf et al. (173,174) noticed that plasma levels of
FSH, LH, testosterone, and estradiol fell in both men and women after brain
injury, and that the magmtude of the hormonal dysfunction reflected the severity
of the neurological deficit. Sequential observation showed a biphasic pattern n
some patients. In one study, LH and FSH levels were clevated in three of six
brain trauma patients during the first 28 h after injury, and then declined over the
next 24 h (92). In addition, bran trauma can prematurely activate the hypotha-
lamic-pituitary-gonadal axis m prepubescent individuals This precocious pu-
berty may result from damage to certain extrahypothalamic areas (e.g . hmbic
system), which have the ability to block off the normal hibition of pitwitary
gonadotropin secretion (137).

GH !

Elevation of serum growth hormone (GH) has been found during a variety of
stressful states such as surgical procedures, trauma, and myocardial ifarction
(21,99,136). GH has also been found to be elevated in head trauma patients. King
(92) showed that GH was mitially increased in three of six patients and returned
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to normal by the third to fifth day after head trauma. The increase was not related
to the cerebral injury site or degree of trauma, On the other hand, head trauma
may suppress GH sccretion (51,147). In one study, an isolated GH deficiency and
lack of GH response to growth hormone-releasing hormone (GRH) were reported
4 years after severe cerebral contusion and subdural hemorrhage (51).

Brain trauma may disturb metabolic control of GH secretion. Normally, glu-
cose loading suppresses circulating GH in humans (65,123). In patients with head
trauma, there is a paradoxical rise in serum GH in response to glucose (92). The
phenomenon is temporary, however, with the normal suppressive responsc re-
turning during recovery from the injury. A similar pattern of GH response to
glucose administration has been described in patients with other cranial and sys-
temic abnormalities, such as acromegaly (12), porphyria (119), hepatic cirrhosis
(110), and neoplasia (13). These observations suggest that an increase in GH is a
4 nonspecific indicator of hypothalamic dysfunction resulting from a vanety of

causes (35). Whether the paradoxical elevation is a result of increased GRH
(somatocrinin) or decreased inhibiting factor [somatostatin, growth hormone-
whibiting hormone (SRIH)] or a disturbed mherent feedback relationship among
GRH, SRIH, and CRH within the hypothalamus is unknown (106).

Prolactin

Head trauma usually causes an increase i PRL level over a period of time.
Matsuura et al. (102) found increased serum PRL levels and lower PRL responses
to TRH n 30 patients soon after head injury and before mitial management.
Valenta et al. (154) reported two patients who showed clevated serum PRL levels
6 to 12 months after severe head trauma. In another study of six patients with
b uncomplicated head trauma, three had elevated serum PRL levels (92). These
reports are i agreement with an mcreased blood level described during general
surgery and trauma (111), and also consistent with studies in rats, which showed
that hemorrhage or immobilization stress mcreased plasma PRL levels (47,87).
The increased serum PRL levels are refated to the severity of the brain injury,
indicating an impairment of prolactin-inhibiting hormone (PIH).

There have also been reports showing unaltered or shghtly lower levels of PRL
in comatose patients scveral weeks after the mjury (28,60,130). The discrepancies
in PRL response to head trauma could be attributed to several factors: the sever-
ity of head injury and duration of coma, time of study (early or late postinjury), the
drugs used (steroids, catecholamines, analgesics, and so on), and the time during
the circadian cycle.

AVP Disturbances: Syndrome of Inappropriate ADH Secretion (SIADH) and DI

AVP has been known as one of the principal hormones involved in water
homeostasis (74) and arterial pressure control in both normal and pathological
situations (77,131). Brain trauma may cause either msufficient or excessive levels
of circulating AVP. In most cases, brain trauma, especially when not very severe,
stimulates the hypothalamic-neurohypophysis system to release excessive AVP,
rather than suppressing it (78,91). In one study, three patients showed a high
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plasma AVP level (5.0 = 1.6 pg/ml) within 2 weeks after head trauma, despite a
plasma osmolality of less than 270 mOsm/kg. An osmofality this low would sup-
press plasma AVP to undetectable levels in normal humans (84). Chang ct al. (26)
measured the scquential changes of AVP content in the posterior pituitary and
plasma AVP level in rats who sustained head trauma produced by dropping a
weight. The AVP content of the posterior pituitary gland increased shghtly 5 min
after head injury, and then decreased gradually. The lowest value was 584 mU/
gland (66 mU lower than the control value) at the end of the second day after head
injury. The AVP content of the pitutary gland began to increase on the third
postinjury day and returned almost to the control level by the 14t day. However,
the change in plasma AVP level after head injury was different from that of the
AVP content of the pituitary gland. Five minutes following head injury, the
plasma AVP level increased more than fourfold from the control value (6 to 26
wU/ml). This marked clevation in the plasma AVP level continuced for 1 h follow-
ing the head injury. The level then gradually decreased with time, but was still 10
pU/ml higher than control values on the third day. When the posterior pituitary
showed the lcast amount of AVP on the second day following the head injury, the
plasma level was 14 pU/ml, or twice the control value. On the 14th day after head
injury, the plasma AVP level returned to normal. This study indicates that head
injury immediately causes the pituitary gland to release AVP, and results in a high
AVP level i circulation.

Prolonged and excessive secretion of AVP results in SIADH, which s charac-
terized by a serum sodium less than 135 mEg/L, a serum osmolahty less than 280
mOsM/kg, a sustained urinary osmolality greater than the serum osmolality, an
absence of clmical evidence of volume depletion and heart or liver failure, and
normal thyroid, adrenal, and renal function (88,140,155,158). This syndrome has
been documented in severe head mjury and following intracranial surgery, with an
incidence of 0.8-30% (61.158). AVP increases the water content of normal and
pathological brain tissue, and facilitates cerebral edema formation (44,62). Be-
cause this increased water content contributes significantly to an elevated ICP and
cerebral circulatory and metabolic perturbations, early recognition 1s imperative
(1,62).

Knowledge about AVP secretion under various pathological conditions has
been accumulating for some time. The primary stimulus for AVP release is plasma
osmotic pressure. When osmotic pressure is decreased, AVP sccrction is inhib-
ited within minutes (82,108,150,161,162). Many other nonosmolar factors also
influence AVP release. The most common clinical situation 1s hypovolemia or
volume redistribution (84). Baroreceptor-mediated AVP release mvolves impulses
transmitted from the bramstem to the hypothalamus. The effects of these impulses
are predominantly mhibitory. Any of a varicty of lesions that interfere with any
portion of the pathway to the hypothalamus may cause a decrease i the inhibitory
input to the neurohypophysis and a subsequent increased release of AVP (74,129).
There is a close inverse relationship between the rate of AVP secretion and the
rate of discharge wn afferents from the low- and high-pressure receptors m the
vascular system. The low-pressure receptors monitor the fullness of the vascular
system, and are the primary mediators of volume effects on AVP secretion (129).
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Moderate decreases in extracellular fluid volume or in cardiopulmonasy vasculer
fullness can increase AVP secretion without causing any change in asterial blood
pressure (81.149). However. when the volume changes are large enough to pro-
duce a decrease in blood pressure, the carotid and aortic recepltors play a greater
rolc. It has been shown that the sensitivity of the low-pressure system is less than
that for osmolality (164). However, once the volume is reduced below a threshold.
release of AVP increases exponentially and finally reaches a level much higher
than that achieved by osmolar stimulation (129). Hemorrhage releases a much
greater amount of AVP than plasma hyperosmolality. and hypovolemia or suffi-
cient reduction in the fullness of central circulation increases AVP secretion even
if the plasma is hypotonic (129.149). Angiotensin 1 may reinforce and enkephalins
may attenuate the AVP release in response to osmotic change (101.165). A varicty
of stimuli in addition to osmotic pressure changes and extracellular fluid volume
aberrations also increase AVP secretion (90.129,160.163). The plasma osmotic
pressure and other AVP-stimulating factors may not act in paralicl. Therefore. the
increased secretion of AVP in many instances could be related 10 and appropriate
for these other stimulating factors.

The pathophysiology of hyperscerction of AVP begins with water retention.
eventually leading to hemodilution. However. expansion of extraceliutar fluid
volume causcs an increased glomerular filtration rate. suppression of renin and
aldosterone. and stimulation of ANP release. All of these can lead to a secondary
natriuresis contributing to hyponatremia and hypo-osmolality (26.88.109.116.129).
It has been reported that the signs of hyponatremia after head injury arc alleviated
following the administration of mineralocorticoids (84).

A reduced release of AVP and the resultant excessive loss of frec water in the
urine causes the syndrome of DL This syndrome is characterized by hyperna-
tremia, hyperosmolality. polyuria, and hyponatruria (88). Since the ncurological
condition of the paticnt can be adverscly affected by the development of hyper-
tonic coma, carly recognition and correction are mandatory. Barreca and co-
workers (8) performed endocrinological studics on 10 paticnts with posttraumatic
DI and found that 8 of these paticnts had deficicncies of onc or morc antcrior
pituitary hormoncs. Therefore, the presence of DI cafls for an carly examination
of anterior pituitary function (8.95.129).

Edwards and Clark (48) revicwed 53 severe brain trauma cases: DI occurred in
23 (43%). Barzilay and Somekh reported an incidence of 6.3% in 300 severcly
brain damaged children (11). However, among gencral hospital admissions. the
incidence of DI was cstimated to be 1:100.000. with a traumatic ctiology in 2-16%
of these (91). Thus, traumatic DI should be cousidered a relatively rare clinical
event, arising only when there is severe brain trauma, and usually associated with
a skull fracture and cranial nerve injury (91).

DI may be permanent or temporary. Permancent DI becomes apparent 1 day to
i month later, becausc the intact posterior pituitary and lower stalk continue to
release stored AVP with maintenance of water balance until AVP is exhausted
(78). Head trauma paticnts with delayed onset of DI prebably have a permanent
AVP deficiency (78). Acute onset of DI following head trauma usually indicates a
temporary AVP nsufficiency (11). Temporary DI may be due to (a) inflammatory
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edemn in the hypothalxmus of postenios pituitany with resolution xs the swelling
subsides. or (b) compicte damzze 1o the posterior priuiluy with persisting symp-
toms until supraoplic 2nd paraventriculr ncurons form new vasculr coanections
(93).

Hyperglveemia and Hyperesmolar Nonketotic Coma

Hyperglycemia folloaing brain injury has beea described and regzrded as the
responsc 1o a severe hormonal disturbance (76.93). 1t includes true diabetes mel-
litus and neaketoiic hyvperglyecemia,

Diabetes meliitus may occur in trauma patients when the enhanced secretion of
cortisol. glucagon. catecholamines. and GH results in an impairment of insulin
secretion and action (112). It has been demonstrated that B-endorphin acts cen-
trally fo cause hyperglycemia by stimulating sympathetic outflow and the pituitary
adrenal axis (124). The response of blood glucosc to insulin in head trauma pa-
tients is frequently subnormal. particularly in patients with extremely high values
of blood glucosc (76). In one patient. a blood glucose level of 111 mmol/L showed
no change following a total dose of 300 U of insulin (121).

Scquential changes in blood glucose and serum cortisol levels in brain-injured
patients have been observed and correlated with the status of consciousness and
outcome (i18). In paticnts with brain injury. the changes in glucose and cortisol
are directly related to the level of consciousness for 2 wecks postinjury: the
deeper the coma. the higher the glucose and cortiso! values. However. very higher
blood glucose values are not associated with further clevations in cortisol levels.
suggesting that other hormonces such as glucagon. GH. and catecholamines may
play a role in severe hyperglycemia (4.76). The severity and duration of the
hyperglycemia has been used to predict the probability of survival following head
injury (76.93.168). According to Pentelenyi and Kammerer (117). a fatal outcome
is incvitable in brain-injured patients when blood glucosc and cortisol Ievels con-
sistently exceed 13 and 2200 nmol/L. respectively. These high levels of glucose
and cortisol are not considercd to be the causcs of death. but the consequence of
irreversible processes caused by severe brain damage (117). However. studics
show that hyperglycemia decreascs the tolerance of the brain to compromised
cercbral blood flow and flow-metabolism uncoupling. both of which occur fol-
lowing traumatic brain injury (45.141.177).

In addition to the classic pitvitary and hypothalamic hormones. other humoral
factors have been found in the hypothalamus. and it has been claimed that they act
directly on carbohydrate metabolism (76). The 13 amino acid polypeptide neuro-
tensin has been isolated from hypothalamus and ileum. It has a dual rolec as a
necurotransmitter and a gastrointestinal regulatory peptide (89). Neurotensin pro-
duces cyanosis. hypotension. increased secretion of LH and FSH. and a marked
hyperglycemia (23). Another humoral factor has also been isolated from the ven-
trolateral hypothalamus and has been shown to stimulate isolated islets cells to
secrete tnsulin (100).

In many individuals. the marked hyperglycemia after head imjury bears little
relation to true diabetes mellitus. A syndrome that satisfics the generally accepted
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criieria of nonketodic hypergiyveemis may be seen after severe head injury. eere-
brovascular thrombosis. encephalilis, xad beat stroke (65.121). This syndrome
represenis the clinical counterpent of a phenomenon that can be produced in
anirazls by stimulation of the ventromedial hypothalsmus (115, 143. 159) or in-
tracerchroventsicular administration of some neuropepiides. such as CRH and
TRH (69).

The blood gliucose level is controlled in the hypothalamus via both neural and
humoral pathways in a manner similar to osmolality and core tzmperature
(76.90.143). The immediate ncural inhibition of insulin secretion and the direct
activation of hepatic glucose release represent a rapid and efficient response to the
urgent seed for energy during stress (143). In addition. the neural influences are
supplemented by hypothalamic control of the secretion of ACTH 2nd GH from
the pitsitasy and glucsgon from the pancreas (143). There scem to be glucose-
sensitive neurons in the hypothalamus. mainly in the ventromedial and lateral
hypothalamus (113-115.135). These neurons monitor alterations in plasma glucose
and make corresponding respoases (90.135).

Loss of Body Temperature Control

Temperature changes have been observed in patients with cerebral trauma and
intracraniz} hemorrhage: loss of body temperature control indicates clinical dete-
rioration (30.134). Paticnts with signs of midbrain damage showed significantly
reduced circadian rhythms of body core temperature. This suppression of
rhythms was morc marked in paticnts with acute brain injurics than with chronic
damage (43). Fever of central origin was significantly associated with failure to
recover consciousness. Survivors® body temperztures were significantly lower
than nonsurvivors. Morphological cxaminations of nonsurviving paticnts con-
firmed that the lesions were mainly localized in the hypothalamic region and the
extent of the damage was proportional to the severity of clinical signs.

Body temperature is primarily controlled by the hypothalamus (30.57). Animal
studies have shown that pressor amines injected into the cerebral ventricles may
causc an aberration in body temperature (33.58). In rabbits. some neurons lying
within 2 mm of the midline of the anterior hypothalamus have shown a high degree
of temperature sensitivity (135). Thermoregulatory disturbances may occur when
the cavity or lining of the third ventricle is damaged or the hypothalamus is
acutely compressed (30). It appears that body temperature is a highly sensitive
parameter of hypothalamic function.

CONCLUSIONS

The pathological consequences of head injuries that affect the hypothalamus
and pituitary have been well described. while only a limited number of cases of
traumatic hypothalamic-pituitary dysfunction have been reported. An explana-
tion for this disparity is that head injury of sufficient severity to cause hypotha-
lamic or pituitary damage often leads to carly death.

Patterns of endocrine abnormalitics vary depending on the site of the injury.
Injury predominantly to the hypothalamus can produce dissociated ACTH-
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costisol levels with little or no response to insulin-induced hypoglycemia and
metopirone., hypothyroxinemia with a preserved TSH response to TRH. low basat
gonadotropin levels with a normal response to GnRH stimulation. a variable GH
Jevel with a parsdoxical rise in GH sceretion after glucose loading, hyperprolac-
tinemia. SIADH, temporary or permanent DI, disturbed glucose metabolism, and
loss of body temperature control. Severe damage to the lower pituitary stalk or
anterior lobe can cause low basal levels of all anterior pituitary hormones and
climinate resp to their releasing factors. Nevertheless, only a few cases have
all ke features of typical hypothalamic or pityitary dysfunction. In most cascs.
the injury is sufficient to damage both structures and produce a mixed endocrine
picture. In addition. increased ICP, which releases AVP via changing normal
hypothalamic anatomy. may represent a unique type of stress to necurocndocrine
systems and may contribute to adrenal secretion by a mechanism that requires as
intact brainstem.

With the improvement in sescuc measures, an increasing number of severely
head-injured petients with hypothalamic-pituitary dysfunction will survive to be
seen by clinicians. Mary of the clinical signs of hypopituitarism may have been
incorrectly ascribed 1o postconcussion syndrome. Endocrine furction should be
investigated in brmnan_;urcd paticnts with basilar skull fractures and protracted
postiraumatic amnesia, and patients with SIADH or DI should be checked for
other endocrine abnormalitics.

Acknowledgment: We would like to thank Ms. Susan Siefert for her assistance in the
preparation of this manuscript and SPC Gregory Hanson for his rescarch assistance.

REFERENCES

I. Adler S, Simplaccanu V. Effect of acute hyponatremia on rat brain pH and rat brain buffenng.
Am J Physiol 1959256:F113-9.

2. ,‘, F Bot.:lo-" inet D. Balzols ¥, . Angeli A, Cireadian profile of plasma cortisol and

\ 7 P under high-dose dexamethasone treatment. J

Endocrinol Imal 1985:4.. 49-‘3.

3. Al-Damluji S. Thomas R, WEite A, Besser M. Vasopressin mediates alpha,-adrenergic stimuta-

tion of adrenocorticotropin secretion. Endocrinology 1990:126:1989-95.

4. Andrews RV, Folk GE. Circadian metabolic pattems in cultured hamster adrenal glands. Comp

Biochem Physiol 1964.11:393-409.

5. Aono T. Kurachi K. Mizutani S. Influcnce of mzjor surgical siress on plasma levels of testos-
terone, luteinizing h and follicle-sti iz h in raale patients. J Clin Endocrizol
Metab 1972:35:535-42.

. Arase K. Sharpfl NS, Bray GA. Effects of intraventncular infusion of corticotropin-re}
factor on VMH-lesioned obese rats. Ant J Physiol 1983:256.R751-6.

. Barbetu F, Crescenti C. Negri M. Leonetti F, Gross1 A, Tamb G. Growth h doces
not inhibit its own secretion during prolonged hypoglycemia in man. J Clin Endocrinol Metab
1990:70:1371-%.

. Barreca T. Perria C. Sannia A, Mag G. Rolandi E. Evaluation of ior prtuitary function
in paticnts with post-traumatic dabetes insipidus. J Clin Endocrinol Mesab 1980 51:1279-82.

. Bantalena L. Martino E, Brand: S, et al. Lach of noctumal serum thyrciropin surge alter surgery
J Clin Endocrinol Metab 1990.70.293-6.

10. Barton RN. Stoner HB. Watson SM. Relationships among plasma cortisol. adrenocorticotso-

phin, and seventy of injury in recently injured patients. J Trawma 1987:27:384.92

Barzilay Z. Somehh E. Diabetes insipidus in severely brain damaged children. J Med 1987:19.47-

64

>

-3

o

-]

12. Beck P, Parker ML, Daughaday WH. Paradoxical hypersecretion of growth hormone in response
to glucose. J Clin Endocrinol Metab 1966:26:463-9.

Frontiers in Neuroendocnnology, Vol 12 No 3 1991




13,

15.

16.

17.

18.
19.

20,
a

2

NEUROENDOCRINOLOGY AND BRAIN INIURIES 225

chnFCmDJ Sherexen L. Koloday HD. Grouth-b sceretion in pats with
endocaetsial cxrcinons, N Enzl J Sled 1969.281:1338-52.

Berme RM. Levy MN, Interplay of centrald 2nd peripberad factors in the control of the circelstion.

In: Beme RM. Levy MN, ods. Physiology. 2nd cdition. St1. Lovis: C.V. Mosby Company.

1958:561-71.

Bc" cqu G.:' s G. O hological lations in 3 case of post traematic pan-

a Nearopath: '(B(rh I97'5.3| 1717,

BiIkrB)ll\ chcroﬂlu Koenig J1. Klibanski A. Ab 1 cortisol secretion and 10

€ in women with hypothalemic amenorrhes. J Clin Endocrinol

Metch 1990::0:3"-7.

Brasa DW, Putnam CD, Mahesh VB, Corti roid regulation of gonadotropin and prolactin

secretion ia the rat. Endocrinology 1990:126:159-66.

Brodish A. Tissue corticotropin relexsing factors. Fed Proc 1977:36:2088-93.

Brooks VL. Vasorsessin and ANG 11 in 1he control of ACTH secretion and arterial and atrial

pressures. Am J Physiol 1939_56 R339-47.

Brooks VL., Blak . Vasop a regulator of adrenal glucocorticoid production. Am J
Physiol 1959:256:E566-72.
Carey L.C. Cloutier CT, Lowcry BD. Growth b and adrenal cortical resp to shock

and trauma in the human, Ann Surg 1971:173:451-8.

Cames M. Lent S1. Goodm:.n B. Mueller C. Sa)doﬂ'l. Ersman S. Effects of immunoncutral-
ization of corti on dian rhythms of plasma adrenocosticotropin.
Endocrinolozy 1990; :126:1903-13.

. Carraway R. Leemzn SE. The isolation of a new hypotensise peptide from bovine hy pothalami.

Fed Proc 1971:30:33.

. Canstensen H. iemer N. Thoren L. Wide L. T I i, and growth

hormone in blood following surgical trauma. Acra Chir Scand 1972:138: I-S
Ceballos R. Pituitary changes in head trauma. Ala J Med Sci 19663:185-98.

26. Chang LR, Chen CF, Chai CY. The effect of head injury on antidivretic hormone synthesis or

=

&

4
w

release in rats. Arch Ins Physiol Biochim 1972.80.679-84.

. Chancrs AC. Odcll w. Thompson JC. Anterior pituitary function during surgical stress and

nce; of blood TSH. LH. FSH. and growth hormone.
J Clin Endocrinol Mesab 1969:29.63-171.
Chiolero R, Lemarchand TH. Schutz Y. et al. Plasma pituitary hormone fesels in severe trauma
with or without head injury. J Trauma 1983:28:1368-74.

. Chiolero RL. Lemarchand-Beraud T. Schutz Y. Thyroid function in seserely traumatized pa-

tients with or without head injury. Acra l:ndomrml (Cnpcnh) 1988:117:80-6.

. Clar HE. Disturbances of the hypoth ic ther ton. Acta Neurochir (Wein)

1985:75:106-12.

. Clark JDA. Raggatt PR, Edwards OM. Hypothalamic hypogonadism following major head in-

jury. Clin Endocrinol 1988.29.153-65.

. Coghlan JP, Blair-West JR, Denton DA. ¢t al Control of aldosterone secrction J Endocrinol

1979.81:55P-67.

. Cooper KE. The role of the hypothalamus in the genesis of fever. Proc R Soc Lond 1965.58.740.
. Crompton MR. Hypothalamic [esions following closed head injury. Bram 1971:94:165-72.
. Cryer PE. Daughaday WH. Growth hormone. In- Martin: L. Besser GM. eds Climcal neuro-

endacrinology. New York: Academic Press, Inc., 1977°243-77.

. Daniel PM. Pnchard MML. Observations on the vascular anatomy of the prituitary gland and its

importance in pituitary function. Am Heart J 196672 147-52

. Daniel PM, Prichard MML. Schurr PH. Extent of the infarct in the anterior lobe of the human

pitvitary gland after stalk section. Lancer 1958,1:1101-3.

. Daniel PM. Prichard MML, Treip CS  Traumatic infarction of the antenr lobe of the pitustary

gland. Lancer 1959.2.927-30
Danie] PM. Treip CS. Acute massive traumatic infarction of the antenor lobe. In Gardiner-Hill
H. ed Modern trends i endocnnology, 2nd senes. New York: Hoeber, 1961:55-68.

. Darlington DN. Kaship K. Keil LC. Dallman MF. Vascular responsiveness in adrenalectomized

rats with corticosterone replacement. Am J Physiol 1989.256 H1274-81

Darlington DN, Miyamoto M, Keil LC, Dallman MF. Paraventncular sumulation with glutamate
chicits bradycardia and pitvitary responses Am J Plnsiol 1989.256 R112-9.

Darhington DN, Shinsako J, Dallman MF. Paraventricular lesions hormonal and cardrovascular
responscs to hemorrhage. Bramn Rex 1988.439.289-301

Frontiers in Neuroendocnirologs Vol 12 No 3 1991




m

226 X-Q. YUAN AND C. E. WADE

43. Dazch WA, Bauer 5. Circadian rhythms in the body of i jve care patients with
brain lesions. J Neurol Neurosurg Psychiotry 1990:53: }85-7.

4. DePasquale M. Patlak CS. Cserr HF. Brain jon and volume regulation during acute hypema-
tremia in Brattkeboro rats. Am J Physiol 1989256.F1059-66.

45. DeWit1 DS, Yuzn X-Q. Becker DP. Ha)cs RL. Simultancous. quantitatiy e measurement of Jocal
blood flow and glucose utlization in tissue samples in normal and injured feline brain. Brain
Injury 1988:2:291-303.

1 46. Dimpsher DP. Bann D. Increased cortisol ion after small h hage is not atiributable to

changes in ACTH. Endocrinology 1983:113:86-93.

47. Donnerer 3. Lembeck F. Different control of the
and of prolactin secretion dunng cold stress, ancsthesia. surgery. and nicotine injectionin thc rat:

! imolvement of capsaicin-sensitise SEASOrY fcurons. Endocrinology 1990:126.921-6. ’
{ 48. Edwards OM. Clark JDA. Post ism. Medicine (Balrii ) 1986.65:281-90.
i 49. f‘lgdahl RH. Cerebral cortical inhibition of pxlunlar}-adrcnnl secretion. Endocrinology 1961:68:
4-81. «
l 50. Egdahl RH. Further studies on adrenal cortical function in dogs with isolated pituitarics. Endo-
crinology 1962:71:926-35.
) 51. Eichler 1. Frisch H, Eichler HG, Soukop W. Isolated growth h deficiency after severe :
head trauma. J Endocrinol Invess 1988:11:409-11.
: 52. Elliott M, Alberti KG. The h ! and boli to surgery and trauma In: Colon
Kicinberger G, Deutsch E. eds. New aspects of chnical nutrition. Basel: Karger. 1983-247-70.
{ 53. Engeland WC. Bymes GJ. Gann DS. The pituitary-adrenocortical response to hemorrhage de-
H pends on the ime of day. Endocrinology 1982:110:1856-60.
54. Familari M. Funder JW. Isolated pituitary cells. glucocorticoids do not rapidly suppress ACTH
secretion in response to CRF. Am J Physiol 1989256 E145-51.
55. Fanconi S. Kloti J. Meuli M, Zaugg H, Zachmann M. Dexamethasone therapy and endogenous
cortisol production in severe pediatric head injury. Intensive Care Med 1988:14-163-6.
56. Feibel J. Felly M. Lee L. Woolf P. Loss of adrenocortical suppression after acute brain injury:
» role of increased intracranial pressure and brain stem function. J Clin Endocrinol Metab
{ 1983:57:1245-50.
' 57. Feldberg W. A new concept of temperature control m the hypothalamus Froc R Soc Lond
1965.58:395-104.
' $8. Feldberg W. Myers RD. Effects on temy ¢ of amines 1nj ] into the cesebral ventricles
. A new concept of temperature regulation J Physrol (Lond) 1964:173-226-31.
" 59. Pcmn C. Crosq:nnm PG. Ovarian fmlurc without gonadotropin clevation in a patient with
d hypogonadotropic hypogonad Eur J Obstet Gynecol Reprod Biol
l986.2|.24|-4
60 Fleischer AS. Rudman DR, Payne NS. Tindall GT. Hypothalamic hypothyroidism and hypogo-
nadism in prolonged traumatic coma J Newrosurz 197849 650-7
61. Fox JL. Falik JL. Shalhoub RJ. Nei gical hyp mia- the role of iappropnate antidi-
‘ uresis J Neurosurg 1971:34:506-14
! 62. Fraser CL. Kucharczyh J, Aneff AL Rollin C. Samachs P, Norman D Sex differences result in
a ncreased monbidity from hyponatremia in female rats Am J Phystol 1989.256 R880-5
: 63 Frayn K Hormonal control of metabolism in trauma and sepsis. Chn Endocrinol (Oxf)
‘ 1986:24:577-99

64. Frohman LA. Effects of peptides on glucoregulation. In Kneger DT, Brownstein MJ. Martin JB,
eds. Brain peprides. New York. John Wiley & Sons, 1983.281-99.
65. Frohman LA. Kricger DT. Neuroendocnne physiology and disease In Fehig P, Baxter JD, B
Broadus AE, Frohman LA, eds Endocrinology and metabolism. New York, St Lours, San
Francisco. McGraw-Hill, 1987:185-247,
66. Gann DS. Cortisol secretion after h hag Itiple mech Nephron 1979.23 119-24
67. Ganong WF. The brain renin-angrotensin system. In Kneger DT, Brownstein M3, Martin JB,
eds. Brain peptides. New York John Wiley & Sons, 1983 805-26
68. Ganong WF. Central regulation of visceral function In Ganong WF. ed Review of medical ,
plysiology, I-ilh edition, Nor\mlk Appleton & Lange, 1989 191-211.
Ganong WF Ncuroend . In. Gr pan FS, Forsham PH. eds Basic and chnical
endocninology, third edition Norwalk Appleton & L:mgc. 190 66-78
70. Ganong WF. Martim L. Neuroendocninology. 1990. Front Neuroendocrinol 1990.11 1-5
71 Garcia R, Abarca S, Municio AM. Adrenal gland function 1n reversible endotoxic shock Circ
Shock 1990.30 365-74

£

o

Fronticrs in Neuroendocrinology, Vol 12, No 3. 1991




L2

3.
M.
7s.

76.
7.

78.
79.

8l.

=
(4]

®
@

85.

b3

86,
8

3

88

89,

-3

9.

93.

@

94
95.

A

9

<

98,

)

NEUROENDOCRINOLOGY AND BRAIN INJURIES

L&)
(3]
~N

. Gaufin L, Showsky WR, Good; SJ. Rel of antidwretic h during induced

clevation of intracranial pressure., J. A mmmrg 1977 36 6’7-31

Gillies GE, Linton EA. Powty PJ Cortic ivity of the new CRF is potentiated
several times by vasopressin. Nature (lﬁml) 1982:299.355-7.

Graczah Lesley M. Nicolodi l,)nn K. Hartupee Dale A, Blaine Edward H. Argini

potentiates natriuretic cffects of atsial peptides. Am J Py siol 1989.256: H9’.5-7

Grant JP. Nutrition in the trauma patient. In: Moylan JA, cd. Trauma surgery. Philadclphia:
Lippincott Company, 1988.501-33.

Grote E. The CINS control of glucose metabolism. Acza Nei umrlur (lh(n) 1981:31:142-5.

Guo GB. Schmid PG, Abboud FM. Sites at which flex inhibition of
fumbar sympathetic nerve activity. Am J Physiol 1986: ZSI Hsu-ss.

Hadani M, Findler G. Shaked 1. Saher A, Unusual delaycd onset of diabeles insipidus following
closed head trauma. J Neurosurg 1985,63:456-8.

Haider W, Benzer H. Krystof G. et al. Urinary catecholamine excretion and thyroid hormone
blood Ievel in the course of severe acute brain damage. EnrJ Intensive Care Med 1975:1:115-23.

. Hall JE, Whitcomb RW, Rivier JE, Vale WW, Crouley WEF Jr. Differential regulation of lutein-

izing hormone, folhclc-sumulalmg hormone, and free alpha-subunit secretion from the gonado-
trope by gonad h (GnRH): evidence from the usc of two GnRH antagz-
onists. J Clin l;mlotnnol Metab 1990.70 328-35.

Harrison MH, Geelen G, Kal LC, Wade CE. Greenleaf JE. Effect of hydration on plasma
vasopressin, renin, and aldosterone responses to head-up tilt. Aviat Space Environ Med
1986:May:420-5.

Harrison MH, Keil LC. Wade CE. Silver J. Geelen G, Greenleaf JE. Effect of hydration on
plasma volume and endocnne resy to water immersion. J Appl Physiol 1986.60.1410-7.

. Hashimoto K. Ohno N, Aoki Y. Kageuama J. Takahara J, Ofup T. Distnbution and character-

ization of corticotropin-releasing factor and arginine 7t n rat hyp nucler.

Neuroendocrinology 1982.34:32

. Ishikawa SE. Saito T. Kaneho K. Ohada K. Kuzuya T Hypona remia responsive to fludrocorti-

sone acetate n elderly patients after head wnjury Ann Intern Med 1987:106 187-91.

Jackson RD, Mysiww WJ. Ab { cortisol ¢ after brain myury. Am J Phys

Med Rehabil 1989,68:18-23,

Jambart S, Turpin G, Luc de Gennes JI.. Panhypopituitansm secondary to head trauma evi-

dence for hypothalamic origin of deficit. Acta Endocrine’ (Copenh) 1980.93 264-70

Jurcovicova J. Kvetnanshy R, Dobrakovava M. Jezova D, Kiss A, Makara GB Prolactin re-

sponse to immobilization stress and hemorrhage. the effect of hypothal deaffe and

posterior pitwtary derervation, Endocrinology 1990,126.2527-33

Kamoi K, Ebe T. Kobayashi O. et al Atmal natnuretic peptide in patients with the syndrome of

inappropnate antidiuretic hormone secretion and with diabetes insipidus J Clin Endocrinol

Metab 1990,70.1385-90.

Kapuscinshi M. Shulkes A, Read D, Hardy KJ. Expression of neurotensin 11 endocnne tumors

J Chn Endocninol Metab 1990:70.100-6

Keller-Wood ME, Wade CE, Shinsako J, Keil LC, Van Looa GR, Dallman MF Insukn-anduced

hypoglyccmm m conscious dogs effect of maictaming carond artenal glucose levels on the
e, nd p Endocrinology 1983:112 624-32

Kern KB, Meislin HW. Diabetes mnsiprdus occurrence after minor head trauma J Trauma

1984:24 69-72,

. King LR, Knowles HC Jr, McLaunn RL. Brielmaier J, Penisutu G, Prziak VK Pitustary hormone

response to head injury  Neurosurgery 1981.9.229-35

King LR, Knowles HC Jr, McLaunn RL, Lewis HP. Glucose tolerance and plasma insulin 1n
cranial trauma  Ann Surg 1971:173 33743

King LR, McLaunn RL, Lewis HP, Knowles HC Jr. Plasma cortisol levels after head injury Ann
Strg 1972.172 975-85

Klingbelt GEG, Cline P Antenor hypoy ANSM 2 ¢ q ¢ of head inpury Arch Phys Med
Rehainl 1985:66 44-6.

Klou J, Fancom S, Zachmann M, Zaugg H. Dexamethasone therapy and cortisone excretion in
severe pediatne head injury, Clulds Nerv Syst 1987,34103-5

Komblum RN, Fishes RS. Pituitary lestons in cramocerebral imunes Arch Pathol 1969.88
242-8.

Kruseman ACN, Linton EA, Lowry PJ, Rees LH. Besser GM. Corticotropin releasing factor
immunoreactivity 1in human gastrointestinal tract. Lancer 1982.2 1245-6.

. Lebovitz HE, Shultz KT, Matthews ME, Schecle R Acute bolic resy 10 my dial

Frontiers in Neuraendocninologs Vol 12, No 3, 199]




W

228 X-Q. YUAN AND C. E. WADE

P

changes in gl utilization and secretion of insulin and growth hormone. Circula-
tion 1969,39:171-81.

100. Martin JM. Stimulation of insulin release by a ventro-fateral hypothalamic factor. J Endocrinol
1971:51.60)-2.

101. Matsui K. Kimura T, Ota K, ct al. Attenuation of the osmotic release of vasopressin by en-
kephalms in dogs Am J Physiol 1989.256:E270-6.

102. » H. S. Wakabahyashi L. Thy in-rel h catnv¢ release
of prolactin and thyrotropin in acute head i mjury. Ncumsmgcn 1985:16. 791-5

103. McCarthy CJ. Wills MR, Keane PM. Gough KR. Read AE. The Su-4485 (methopyrapone)
response after head injury. J Clin Endocrinol Metab 1964;24:121-4.

104 Mclintosh TK. Lathrop DA. lee A, Jackson BT, Nabseth D, Egdahl RH. Circadian thythm of
cortisol is altered in postsurgical patients. J Clin Endocrinol Metab 1981.53:117-22. ¢

105. \!czcy E. chsnc TD Brownstesn MJ, Palkovits M, Axclrod J. Beta-adrenesgic mechanism of

icotropin release from (hcanlcnor plluuary Saence 1984,226:1085-7

106. Mitsugi N AnlaJ Kimura F. Eﬂ'cc(s of intracereb ion of growth hor- '
mo 2 factor and c ! factor on i ion 1nto rat hy-
pophysial ponal blood. Ncnmendomnolog) 1990.51.93-6.
. 107. Moldow RL., Fischman AJ. Phy in rat hypothalamic CRF. han, stress and

steroid suppression Peprides 1982:3.837-40.

108 Moses AM Osmotic thresholds for AVP release with the use of plasma and untne AVP and free
waler clearance Am J Physiol 1989:256'R892-7.

. Moses AM, Jones C, Yucha CB Effects of sodlum mtahe, furosemide, and tnfusion of atmal
natnuretic peptide on the urinary and bol es of It n normal
subjects. J Clin Endocrinol Merab 1950:70:222-9

110 Muggeo M, Tiengo A, Fedele D. Crepaldi G Altered control of growth hormone secretion 1n
patients with cirthosis of the hver. Arch Intern Med 1979:139.£157-60

111. Noel GL, Suh HK. Stone JG, Frantz AG. Human prol and growth h release dunng
surgery and other conditions of stress J Clin Endocrinol Metab 197235 840-51

112 Nordenstrom J, Sonnenfeld T. Arner P. Charactenzatior of insulin resistance after surgery

Surgery 1989,105.28-35.

113 Ono T, Sasah K. Shibata R Feeding- and ch l-related activity of v dial hypotha-

lamic neurones in freely behaving rats J Physiol 1987,394.221-37

(14 Oomura Y, Kimura K, Qoyama H. Maeno T, 1k1 M. Kuniyoshi M. Reciprocal activities of the

ventro-medial and lateral hypothalamic areas of cats Science 1964:143.484-5

Oomura Y, Ono T, Ooyama H, Wayner MJ. Glucose and osmosensitive neurones of the rat

hypothalamus Nature (Lond) 1969,222:282-4

116 Penney MD, Walters G, Withins DG. Hyponatracnua in patients with head injury Intensive Care

Med 1979.5 23-6

117 Pentelenys T, Kammerer L Alterations of the serum cortisol and blood glucose in bram-injured

patients Impury 1984;15:397-402.

! 118 Pentenleny: T, Kammerer L, Peter F Prog fi of the ch 1n the carbohydrate
metabolism in severe head imury. Acta Ncumrlur(Wun) 1979:28:103-7

119 Periroth MG, Tschudy DP, Wasman A, Odell WD Abnormahties of growth hormone regulation
n acute intermittent porphyna Metabolism 1967:16 87-90.

120 Petrusz P, Merchenthaler I, Maderdrut JL, Vigh S, Schally AV Corticotropin-releasing factor
(CRF)-like immunoreactivity in the vertebrate endocrnine pancreas Proc Nail Acad Sci USA
1983:80 1721-5.

121 Pra HW. Central dysregulation, Z Neurol 1973;204.1-21

122 Pittman JA Jr, Haigler ED Jr, Hershman JM, Pittman CS. Hypothalamic hypothyroiism N Engl
J Med 1971,285.844-5

123 Quabbe H, Bunge S, Walz T, Bratzke B Plasma glucoss and free faity acids modulate the
secretion of growth hormone, but not prolactin, in the rhesus and java monkey. J Clin Endocrinol
Metab 1990,70.908-15.

124, Radosevich PM, Lacy DB, Brown LL, Willams PE, Abumrad NN. Central effects of beta-
endorphin on gl 1n the ¢ dog Am J Phystol 1989.256'E322-30

125 Raff H, Shinsako J. Wade CE_Acute volume expansion decreases adrenocortical sensitivity to
ACTH and angiotensin Il. Am J Phystol 1985:249.R611-6

126 Richardson Morton KD, Van de Kar LD, Brownfield MS Lorens SA, Napier TC. Urban JH.

Stress-induced renin and corticosterone 1s d by catechol nerve ter-

m:nals n the hyyp wcular nuct Neuroendocrinology 1990;51°320-7

Ridgeway EC 111. The pllunary and hypothalamus, in. Smuth LH Jr, Thier SO, eds Pathophys-

g

U
b

I
3

Fronters in Neuroendocninology, Vol 12, No 3, 1991




?—'———'————

NEUROENDOCRINOLOGY AND BRAIN INJURIES 229

iology- the biological principles of disease. Philadelphia, London, Toronto W. B. Saunders,

1985:495-529.
128. Rinne UK Cor hi with head injurie: d by the P
lcsl P.t)thmlr Neuml (Bmcl) 1966 lS" 145455,
129. R AG.D of hormone ion. Clin Endocrinol Metab 1985,14.55-
88.
130. Rudman D, Fleischer AS, Kutner MH, Raggio JF. Suprahypophyseal hypogonadism and hypo-
’1 thyroidism dusing prolonged coma after head trauma. J Clin Endocrinol Metab 1977,45:747-55
. 131. Ryan KL, Thomton RM Proppe DW. Vasopressin contnbutes to maintenarce of artenal blood
in dehydi b Am J Physiol 1989,256:H486-92.
132. Samaan NA Bal\dash MM, Caderao JB, Cangir A, Jesse RH Jr, Ballantyne AJ. Hypopituitanism
1 after extemal irradiation: evidence for both hypothalamic and pituitary ongin. Ann Intern Med
1975,83.771-7.
133. Samuels MH, Lilleher K, Kleinschmidt-Demasters BK, Stears J, Ridgway EC. Patterns of pul-
: satile pituntary glycoprotein secretion in central hypothyroidism and hyr d J Clin En-
docrinol Metab 1990;70°391-5.
134, Sazbon L, G Z O m 134 p with prol i
3 Part [: Parameters detcrmining fate recovery of conscxousness J Ncnmsnrg 1990;72 75-80

! 135 Schade JP A system analysis of some hypothalamic functions. In Martim L, Motta M, Fra-
schune F, eds The hypothal New York: Acad Press, 1970 69-82
136. Schalch DS The influence of physical stress and exercise on growth hormone and msulin se-
cretion 1n man, J Lab Clin Med 1967,69:256-9.
137. Shaul PW, Towbin RB, Ch A SD Pr puberty foll g severe head trauma Am
J Dis Chuld 1985,139 467-9.
Shibasak1 T, Odagin E, Shizume K, Ling N Corticotropin-releasing factor-like activaty in human
placental extracts J Chr Endocrinol Metab 1982:55.384-6.
Shirahawa Y, Smith RA, Shatney CH. Beneficial effect of thyroid y 1n camne hemorrhagic
shock, Eur Surg Res 1987,19:357-65
140 Shucart W. Hyg n gical p Chn Neurosurg 1987.35,93-100
141 Siesjo BK. Cerebral circulation and metabolism. J Neurosurg 1984:60 883-908
142 Sirett NE, Gibbs FP. Dexamethasone suppression of ACTH release: effect of the interval be-

13
13

&

.‘°

tween sterord ad and the appl of smult known to release ACTH Endocr-
nology 1969.85 355-9
143, Smythe GA, Pascoe WS, Storhen LH Hypothal d gic and sympathoadrenal con-

trol of glycemua after stress Am J Physiol 1989;256:E231-5

144, Steinbok P, Thompson G Serum cortisol abnormal after cbral trauma. Neurosur-
gery 1979;5 559-65

145 Stoner HB, Frayn KN, Barton RN, Threlfall CJ, Little RA, The relationships between plasma
substrates and hormones and the seventy of mjury i 277 recently njured patients Chn Sa
l979 56'563-13.

146 ha LW, Sawchenko PE, Ruvier J, Vale WW Organization of ovine corticotropin-

1 factor cactive cells and fibers 1n the rat brain: an immunohistochemical study

Neuroendocnnology 1983,36,165-86

147 Tamasawa N, Kurahash: K, Baba T, et al Spontaneous remussion of acromegaly after pitustary

apoplexy following head trauma J Endocrinol Invest 1988,11:429-32

148 Taylor T, Wondisford FE, Blane T, Weintraub BD The paraventricular nucleus of the hypo-
thalamus has a major role 1n thyroid hormone feedb It of thy pin synthests and
secretion Endocrinology 1990.126 317-24.

149 Thrasher TN, Moore-Gillon M, Wade CE, Keil LC, Ramsay D) Inappropnate dninking and
secretion of vasopressin after caval constriction in dogs, Am J Phystol 1983.244,R850-6

150. Thrasher TN, Wade CE, Keil LC, Ramsay D] Sodium balance and aldosterone dusning dehy-

dration and rehydration 1n the dog. Am J Physiol 1984,2'R76-83.

Tomon N, Suda T, Nakagam Y, et al. Adrenergic modutation of adrenocorticotropin responses

to isulinanduced hypoglycemia and corticotropin-releasing hormone J Chin kndocrinol Metab

) 1989,68:87-93

152 Totam Y, Nunomi M, Takatsuht K, Oiso Y, Tomuta A Effect of metyrapone pretreatment on
adrenocorticotropin secretion induced by corticotropin releasing hormone 1n normal subjects and
patients with Cushing’s disease. J Clin Endocrinol Metab 1990,70.798-803

153 Treip CS Hypothalamuc and pututtary mjury J Clin Pathol 1970,23(suppl 4) 178-86

154 Valenta L), De Feo DR Post hypop 1sm due to hypothal lesion Am J Med
1980,68:614-7

151,

Fronners in Neuroendocnnology Vol 12 No 3, 1991




-T—-_'—-——-————

230 X-Q. YUAN AND C. E. WADE

155. Valiq G The neuvrohypophysis Neurol Clin 1987:5,291-331
156 Van Den Berg DT, De Kloet ER, Van Dyhen HH, De Jong W. Differential central effects of
mineralocorticoid and glucocorticoid agonists and ists on blood p Endocrinology
1990.126:118-24
157. Vaughan GM, Becker RA, Allen JP, Goodwmn CW Jr, Pruitt BA Jr, Mason AD Jr. Cortisol and
corticotrophin in burned p J Tmumu 1982;22:263-73.
158. Vingerhoets F, Tnbolet ND. | Hyp Janity in 1 **Appro-
’] pnate secretion of ADH and *‘cerebral salt wasting syndrome."* Acta Neurochir (Wien)
1988,91:50-4.,
159 Vissing J, Wallace JL, Scheunnk AJW Galbo H, Steffens AB. Ventromed:al hypothalamic
regulation of hormonal and b to Am J Physiol 1989,256 R1019-26
160. Wade CE. Response, regulation, and actions of vasopressin during exercise: a review. Med Sci §
Sports Exerc 1984:16.506-11.
161. Wade CE, Bie P, Keil LC, Ramsay DJ. Osmotic control of plasma vasopressin m the dog Am
J Physiol 1982:243 E287-92. ’
162. Wade CE, Bie P, Keil LC, Ramsay DJ, Effect of hypertonic ntracarotid nfusions on plasma
vasopressin concentration Am J Physiol 1982:243-ES22-6.
163 Wade CE. Claybaugh JR Plasma renin activity, vasopressin concentration, and unnary excre- {
tory responses to exercise 1n men. J Appl Physiol 1980:49 930-6.
164 Wade CE, Keil LC, Ramsay DJ. Role of volume and osmolality 1n the control of plasma vaso-

4 pressin 1n dehydrated dogs Newroendocrinology 1983:37: 349-53.
165 Wade CE, Kell LC, Ramsay DJ Effects of sodium d and ang; 1l on
regulation of vasopressin. Am J Phystol 1986:250. R287-91.
166 Wade CE, Lindberg JS, Cockrelt JL, etal Up d adrenal steroid 1s ad dto

the degree of wllness 1 intensive care unit patients J Clin Endocrinol Metab 1988;67 223-7.
167 Wakabayashi 1. Shibasaki T, Ling N. A divergence of plasma growth hormone response between

growth hor 1 factor and insul duced hypoglycacma among muddle-aged healthy
male subyects. Clin Endocninol 1986:24.279-83.
168. Wesemann W, Grote E. Diab pidus: a synd: of hypothal dysregul Proc Ger

Soc Neurosurg 1974, p 208,

169 Wilmore DW, Long JM, Mason AD, Pruitt BA Jr Stress in surgical patients as a neurophysio-
logic reflex response. Surg Gynecol Obster 1976;142:257-69

170 Wood CE. Sinoaortic denervation the reflev regy to hypotension i fetal sheep.

Am J Physiol 1989,256 R1103-10

Wood CE, Shinsaho J, Keil LC, Dallman M. Adrenal sensitivity to adrenocorticotropin in nor-

movolemic and hypovolemic conscious dogs. Endocninology 1982:110 1422-9

172 Wood CE, Shinsako J Keil L.C, Ramsay DJ, Dallman MF Apyp d of ad -
ticotropin and corticosteroid responses to 15 ml/kg hemorrhage 1 conscious dogs  Endocrinol-
ogy 1982:110 1416+21

173 Woolf PD, Hamill RW, McDonald JV, Lee LA, Kelly M Transient hypogonadotropic hypogo-
nadism caused by catical illness. J Chn Endocrinol Metab 198560 444-50

174, Woolf PD, Hamill RW, McDonald JV, Lee LA, Kelly M. Transtent hypogonadotrophic hypo-
gonadism after head trauma: effects on steroid precursors and correlation with sympathetic
nervous system actvity Clin Endocrinol 1986;25°265-74

175 Woolf PD, Lee LA, Hamill RW, McDonald JV Thyroid test abnormalties an traumatic brain N
nyury: correlation with neurologic impairment and sympathetic nervous system activation Am
J Med 1988:84.201-8

176 Yates FE, Maran JW Stimulation and mhibition of adrenocorticotropin release. In Greep RO,
Astwood EB, Knobil E, Sawyer WH, Geiger SR, eds. Handbook of physiology, Sect 7, Vol 4,
Part 2 Washington, D C  Amencan Physiological Society, 1984:367-404

177 Yuan X-Q, Prough DS, Smuith T, DeWitt DS The effects of traumatic brain injury on regional
cerebral blood flow in rats J Newrotrauma 1988.5 289-301

178 Yuan X-Q, Shatney CH, DeWitt DS, Prough DS, Stauth RA Truodothyromne (T3) antagomzes
adverse effects of high circulating reverse-T3 (¢T3} dunng hemorrhagic shock Am Surg
1988:54:720-5 t

179 Yuan X-Q, Wade CE, Clifford CB  Traumatic brain injury suppresses spontaneous hemodynamic
recovery from hemorthagic shock n rats, J Neurosurg 1991 (n press)

180 Zhou XP Thyroid function in severe cramocerebral injunes Chun Med 1987,67 202-5

181 Ziegler MG, Momssey EC, Marshall LF, Catecholamine and thyroid hormones tn traumatic
wyury Crit Care Med 1990,18 253-8,

-

Frontiers in Neuroendocrinology, Vol 12, No 3. 1991




